Pain after shoulder surgery is severe, particularly after rotator cuff repair, 1 2 and is best treated using continuous interscalene analgesia. 3 This technique allows early and efficient rehabilitation, 4 decreases side-effects, 5 and improves patient satisfaction. 6 Recent studies have investigated the relationship between the type of muscular response and the success rate during single-shot infraclavicular block. 7 -9 All have shown that a stimulation of the posterior cord (radial response) was associated with more frequent success compared with stimulation of the median or lateral cord. The most often encountered muscular twitches when performing interscalene block are biceps, innervated by the anterior fibres of C5 and C6, and deltoid or proximal triceps response, innervated by the posterior fibres of C5 and C6. 10 11 It has been shown for single-shot interscalene block that both biceps and deltoid twitches were associated with a similar success rate. 12 The aim of this trial was to compare the success rate of interscalene catheter (ISC) placement associated with either a biceps or a deltoid, triceps, or both responses. We hypothesize that posterior stimulation of the trunk (deltoid/triceps response) was associated with a higher anaesthetic block success rate for the interscalene anaesthesia than anterior trunk stimulation (biceps response).
Methods
After obtaining institutional ethics committee approval (Gesundheitsdirektion des Kantons Zü rich, Kantonale EthikKommission) and written informed consent, 300 consecutive adult patients of both sexes (ASA physical status I or II; age 18-65 yr; weight 50-95 kg) undergoing an elective arthroscopic shoulder rotator cuff repair were entered in the study. Exclusion criteria were any contraindications to interscalene block, known allergy to ropivacaine or opioids, and chronic treatment with opioids. Patients were assigned according to a computerized randomization list to either group biceps twitches (Group B) or deltoid, triceps, or both twitches (Group DT). The assigned group determined the final chosen muscular response (either biceps or deltoid, triceps, or both) to elicit for the placement of the ISC. The inability to place the ISC was considered as an exclusion criterion during the study. The placement of the ISC was standardized for all patients. On the day of surgery, all patients were premedicated with oral midazolam 0.1 mg kg 21 1 h before surgery. On arrival in the induction room, a 20 G i.v. catheter was inserted into a vein in the arm not requiring surgery. All interscalene blocks were performed using the modified lateral approach 13 and identified using a nerve stimulator (Stimuplex In Group B, the placement of the needle was considered successful when a contraction of the biceps muscle vanished with a current output of exactly 0.3 mA. The impulse duration was 0.1 ms and the stimulation frequency 2 Hz. In Group DT, the placement of the needle was considered successful when a contraction of the deltoid or proximal triceps muscle vanished exactly with the same neurostimulator settings as for Group B (0.3 mA; 0.1 ms, 2 Hz). In the case of persistent muscle twitch below 0.3 mA, the needle was withdrawn or redirected until the muscle twitch vanished at exactly 0.3 mA. For the placement of the perineural catheter, the cannula-over-needle technique was used with a plastic cannula (Polymedic w , Polyplex N50-T, 18 G external diameter, Te me na SAS). The catheter (Polymedic w , Polyplex W50, 20 G with stylet, Te me na SAS) was introduced distally and advanced 2-3 cm past the tip of the stimulating needle. The catheter was tunnelled subcutaneously over 4 -5 cm through an 18 G i.v. cannula in the direction of the opposite shoulder and fixed to the skin with a transparent adhesive tape. Interscalene block was performed in all patients with ropivacaine 0.5% 40 ml (200 mg) given through the catheter. To maintain blinding, an anaesthetist neither involved in the study nor aware of the patient's group assignment was responsible for the assessment of the block and the occurrence of acute complications (central nervous system or cardiac toxicity) and side-effects (Horner syndrome and hoarseness).
The block was considered successful when a sensory block (inability to recognize cold temperature in the territory of the axillary, radial, and median nerve, pins-and-needles-type of paraesthesia at the tip of the first and third finger) and a motor block (inability to abduct the arm and to extend or flex the forearm involving the axillary, radial and musculocutaneous nerves) were present within 30 min after the administration of the local anaesthetic and no supplementary analgesics were required during surgery for pain in the surgical field. Complete sensory block of the supraclavicular nerve (anterior and posterior skin territory of the shoulder) was also considered necessary for a successful block. When the block was complete, upon patient request, sedation with propofol using the target-controlled infusion (TCI) technique (Diprifusor including the Marsh programme for propofol, Graseby: Sims Graseby Limited, Watford, Herts, UK) was allowed up to a maximum effect-site concentration of 0.5 mg ml 21 .
Sedation was titrated to keep a Ramsay sedation score of 2 (patient awake and relaxed). Block failure was defined as incomplete block if one or more of the axillary, radial, and musculocutaneous nerves or inadequate extension of the block over the anterior or posterior shoulder or the need for supplementary analgesics (TCI remifentanil including the Minto programme, Graseby: Sims Graseby Limited) because of pain in the operative field during surgery.
Postoperative analgesia was started 6 h after the initial block (t¼0) (Pain Management Provider, Abbott Laboratories, North Chicago, IL, USA) with a patient with a baseline infusion of 8 ml h 21 , a bolus dose of 5 ml with a lockout time of 20 min, using ropivacaine 0.3% for the first 24 h and then ropivacaine 0.2% for the next 24 h until the end of the study (t¼48). All patients received i.v. proparacetamol 2 g four times daily. Supplementary subcutaneous morphine (0.1 mg kg 21 ) was available for rescue medication. The study period ended 48 h after start of the continuous infusion of ropivacaine.
A research nurse not involved in the protocol was responsible for assessing pain twice a day by means of a visual analogue scale (VAS) (from 0 mm, no pain, to 100 mm, worst pain imaginable) at rest and during shoulder mobilization (passive abduction of the arm). The ISC was observed daily for signs of inflammation (redness or pain on pressure at the puncture site) or infection (presence of pus at the puncture site). All the patients were observed independently by a surgeon and an anaesthetist 6 weeks after surgery to examine for neurological complications, defined as any sensory-motor deficit impairing normal daily life or pain not directly related to the surgical procedure. The occurrence of one of these events was considered as a neurological complication.
Statistical analysis
According to previous data, 14 the success rate of ISC varies in about 15% (80-95% success rate). Our hypothesis was that the deltoid, triceps, or both responses will provide a 5% higher success rate compared with the biceps response. Based on these data, a power analysis indicated that a sample size of 144 patients per group was sufficient to BJA have an 80% power at the 95% significance level. To compensate for possible dropouts, we decided to include 150 patients per group. Patient data were compared with the Mann-Whitney test and expressed as mean (SD). Success rate and adverse effects were analysed with the x 2 test.
The confidence interval for the difference between two independent proportions was calculated according to the method described by Newcombe. 15 A P-value of ,0.05 was considered significant. For statistical analysis, the software SPSS for windows, version 11.5 (SPSS, Chicago, IL, USA), was used.
Results
A total of 310 patients undergoing arthroscopic rotator cuff repair were consecutively enrolled in this prospective study (Fig. 1) . The placement of the ISC was uneventful in 97.5%. One patient in Group B and two in Group DT were excluded because of the inability to elicit the expected twitch, and so data from 300 patients were analysed (Table 1) . Two patients in each group needed a second insertion due to resistance during catheter threading. One catheter in Group DT was dislocated after 42 h. No patient had to be excluded because of technical problems with catheter placement. Successful block occurred in 148 patients (98.6%) in Group DT compared with 139 patients (92.5%) in Group B (P,0.02) ( Table 2) .
In Group DT, a deltoid response was observed in 42%, a triceps in 39%, and a mixed response in 19% of the patients. In Group DT, two patients needed supplementary analgesics during manipulation of the posterior part of the shoulder capsule. Of these two patients, one had a triceps response and one a deltoid response. In Group B, three patients had an incomplete radial block and received preoperative general anaesthesia and seven patients needed supplementary analgesics during handling of the posterior part of the shoulder capsule. Pain occurring during manipulation of the posterior part of the shoulder capsule was rapidly and effectively controlled with a TCI remifentanil effect-site concentration of 1.9-2.8 ng ml 21 . Local infiltration of the skin with 5 ml lidocaine 1% at the posterior portal site was needed in one and three patients in Groups DT and B, respectively. The occurrence of side-effects was similar in both groups (Table 3) . No central nervous system or cardiac toxicity was observed in either group. No infection at the insertion site was noted and no patient had signs or symptoms of neuropathy at 6 weeks after operation.
Among those who had a successful surgical block, no patient needed supplementary opioids. Among the block failures who received supplementary analgesics during surgery, eight out of 10 patients needed supplementary morphine during mobilization, but not at rest, between the start of mobilization (t¼24) until t¼48. No supplementary morphine was needed for any patient during the last 6 h of the study. 
Discussion
This study showed that for the placement of ISC, a deltoid, triceps, or both were associated with a higher anaesthetic block success rate compared with the biceps motor response. In Group B, a higher incidence of incomplete radial and suprascapular nerve block was observed. We compared these two types of muscular responses because the biceps response is associated with the anterolateral part of the upper trunk and the deltoid, triceps, or both with the posterior part. 10 The results of this investigation are in accordance with those found after single-shot coracoid infraclavicular block, demonstrating a higher success rate after stimulation of the posterior cord. Lecamwasam rate between biceps and deltoid responses. However, the following issues may explain this discrepancy. First, in Silverstein and colleagues' investigation, the block was performed through the needle, while in ours, it was done through the catheter. Secondly, in our work, the number of patients per group was higher (two groups of 150 compared with 61/54 and 45 with a mixed response), and therefore we had a greater chance to observe a significant difference. One may wonder if the catheter is still at the desired location after having been advanced for about 2 cm past the tip of the stimulating needle. We used a multi-orifice catheter (with no end hole), the first and last holes being 1.0 and 2.0 cm proximal to the end of the catheter. This means that a large amount of local anaesthetic has been placed very close to the tip of the stimulating needle, even if the catheter did not follow the ideal direction. The position of the tip of the catheter is of minor interest since no drug can be distributed to the tissue from the last centimetre of the catheter. Brachial plexus anatomy at this level may explain the differences in success rate associated with a deltoid, triceps, or both compared with a biceps response. The interscalene space is surrounded by the prevertebral fascia, a firm, tough membrane that lies in front of the prevertebral muscles, which extends sideways across the scalenus anterior, scalenus medius, and levator scapulae muscles, getting thinner as it progresses distally. 11 In addition, the fibres that form the musculocutaneous nerve are located anterolaterally. 10 Thus, it is possible that the presence of this fascia between the tip of the stimulating needle and the anterolateral part of the upper trunk will still allow a twitch of a biceps, despite a current as low as 0.3 mA. This situation will prevent a good spread of the local anaesthetics within the interscalene space, explaining the incomplete block of the radial nerve. In cases of deltoid, triceps, or both motor responses, this scenario is unlikely to occur, since the fibres for these nerves are located on the posterior side of the upper trunk, making the possibility that the fascia is between the tip of the stimulating needle and the posterior part of the trunk very unlikely. 10 16 Nine patients (two and seven in Groups DT and B, respectively) received supplementary analgesics (remifentanil) during surgical manipulation of the posterior part of the shoulder capsule. This pain is most likely associated with an insufficient block of the lateral branch of the suprascapular nerve. The suprascapular nerve originates from the C5 and C6 nerve roots of the superior trunk, with a contribution from C4 usually present as well. It provides sensation for a significant amount of the posterior shoulder capsule and may leave the upper trunk at different levels, sometimes very proximally. 16 It may then be difficult to block it in some patients, especially the lateral branch. The block extension of the lateral branch of the supraclavicular nerve was insufficient in one and three patients in Groups D/T and B, respectively. This is easy to manage since subcutaneous infiltration with any local anaesthetic at the arthroscopic portal puncture site will be sufficient to control pain during placement of the arthroscope. Insufficient block is explained by the location of this nerve, which is quite posterior and in the remote position of its lateral branch. The presence of the median scalene muscle between the trunks and the supraclavicular nerve can also hinder the diffusion of the local anaesthetics towards the suprascapular nerve (Fig. 2) . 17 The incidence of acute or late complications was low and is in accordance with previous investigations. 18 19 Postoperative analgesia was excellent (VAS,20) in all patients with successful blocks, confirming results from previous studies using patient-controlled interscalene analgesia. 3 5 Among those who had insufficient suprascapular block, 80% received supplementary morphine for mobilization during the first 48 postoperative hours. One limitation of this study is that the placement of tip of the catheter was not specifically identified. This was not done since no drug can be distributed to the tissue from the last centimetre of the catheter. The improvement of 6% with the deltoid/proximal triceps may also seem trivial and its clinical significance debatable.
In conclusion, in this study, we found that stimulation of the posterior part (deltoid, triceps, or both) of the upper trunk provided a significantly higher and more reliable anaesthetic block success rate compared with the anterior part (biceps) and it is preferable during ISC placement.
Declaration of interest
None declared.
Funding
Financial support was provided solely by departmental sources. 
